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Summary uiquiIe njoise signature. fThe suiccess of it new he-

s tudyl~ was coiduic'ted toille~gt tile licopter type could be seriously roinprotnised by ;i
Auenn eouino os cietvt atrsfut deSign policy that does not conisider ntoise.

sliellew esoutin o uose iretivty attnisfrott A key clemtent or it design for noise (ecluiology
acoustic flighit tests. Direc'tivity-iungle resolution is is anl accurate rotorcruft. llotse-lrCeicttin ietlodol-
aiffectedc IT tlw chitti reductioti paramneters, tile air- oy OOCi opeetiecuptrpe

cath elrt aica fyie attd.an eit diction program currently undler clevelopntient ait the(
ofriearrf froit te desiredl flight pat1h.~ Ei: Ligley Research Center. p~redicts helicopter fair-lield
tiovN are developed that determine bounids for thet noise levels ndi freqluemies t it fuitttimorc directly-
lateral. and lnidilcretiiyageresolution it, nl rf ) R rN T cottfrspeil

;i tfuncetion of thle niomuinal direct ivity angle. Th pradig ref. 5). RDopE freq ucy shrica7)
equatiohis tire appjlied to it flight test data base. amid sand atioshrarto (ref. 7). woplrhrenshf (ref. ).

thei effetfseera ol fLit drcndit-igad at reuio itig thle source 1:0151' predictionts to Lte far-field. B3e-
tn pretersd nt e aimudctivity-ugle reso- fore this ntoie-predictiot: miethodology will be get-

areio preentey ocher wmxiun dieircrt iitnl or es erally accepted. however, it muitst be evaluated aud
hitot:tyjicnly ccurs he: te arcrft s a ornea jroveni with respect Lo Lte source noise elemenits

the overhead p)I)itioui. Inl genteral. directivity-augle icr~rtd
resoi~tiIon imtpro~ves with decreasitng velocity, icreats- 1conpre yeetetcd h age wr stei
ig altitude. icretsig saniplig rate. Ilecreasitg (luisityion of co f rhe ie y orate isperiena-

block siz.e. aidt decreasig block averages. Deviatiotis ustuof;cmpeisivacrteprmi-
front the desired idleal fligh~t path will imcrease thle tal acoustic dait base to validate thle ;:redictionls.

resoutit:.Forthefliht ~l)4'riltet. onsderd i: 'This data batse ichules lhigh:-confidei ice, groutid-level
rtluti ud. FaLt:ee ftw flyers were reqdred ;i colstic flyover data consistig of acoustic spectra

thisstuy, it verae o tw 11over wee rquied as it ftictiot: of Lte directivity angle. situttatteously
tit each test comltto:: to obtatnl au: accel t able ffig~ht mieasured helicopter dyituic state mtid spatial posi-
lpatb. The awilty ofr te to l:uaitltainl thle fliglk tioit daita, audl atuiosplieric dlata. To obtait: the luigh:-
patlh ittipy vitl dec-easmig altitude. decreasinig oiemclvlsrurdofteaotc51crd
velocity, 11 tice. Decause of eitel)revaiiliig wimid estillme, letveilsettrequirergf igteacouticu settal

collitioils. atigles of ais mtuclh as 200 were re- plesits comitiait wisem l: lc-averagd iueis tetm-
Cjtired to mima41i! te 'leiiredl flight p~atht. niqted wilch ass u wiatth igalo i ae atio tecr-

process over at shtort titme period (ref. 8). Not coit-

Introduction sidered by the( techtique, however, is the directivity-
atigle resolutioni of thte averaged acoustic sigiial.

Inl recent years helicopter ioist. has becotme a The putrpose of this paper is to itivestigate tlte ef-
topic of great initerest b)oth withini the heliccipter comn- few;s of various fligh~t and anialysis p~aramieters ot: Lte
mut111ity~ aul to the public it: genieral. This interest, is cirectivity-anigle resolmition, of tle averaged acoutstic
p~recip~itated. it: part. by the incresed mis k'vol9 cf spectra fromt al: acoustic flyover test. Inl additlit:
the moclerti helicopter due tu icreitses inl aii rotor some typ~ical flight patl:and aircraft attitutde data are
tip) sp~eed (ref. 1), flight speed. gross weight, (ref. 1). premittedl frum it:a acoustie flyover test, conducted by
and tail rotor Lip) speed (ref. 2). Cotupoutidig the NASA mtid Lte McDotiiell Douglas Helicopter Cott-
problema of icreased nioise levels is aI dramatic ill- patty (.MD1IC) on at 500E helicopter at the NASA
crease il: tlte number of helicopters it: use and( a cur- Wa~llops Flight Facility (NVFF).
respoitclitig iicrease tt: demand for lpublic-uise iteli-
ports (ref. 3). Helicopter tioise is differenit fromt most Symbols
othter types cof aircraft nioise it: that, it is periodhic bi umiber of (data poits per block------
mni impulsive. Powell i McCurdy (ref. 41) fomitt Fo
that. humat: aiumnoyance to helicopter noise icreasecl D (listatice betweeni adjacent micro-
witlh the repetition rate of the periodic coinpotuents I)~tS ftI
aud with ittpulsiveiiess bky mtore thita the equivalent, Umm- fbok fdt
of 4 113I and( 13 dBJ. respectively. For these reasonis, NA 6mtbro lcso lt
inpleineiitatiot: of htelicopter nioise reg~ilatioiis is ill- N11 maiii rotor sp~eed, rpmt on -
ei'itable. Civiliant noise limits are e-ttablishied for N1wgicopesrpedrm
psyclmoacoitstic criteria whereas military helicopters engine--- copesrsper
uist be designied for ui:ii~miti detect'Abiliy sluice JV2  engie outputt shaft speed OR/--

Lte mlilitaryV value of thme hielicopter for lzact:.al and( (6016 rpm at 103.parcetit power). ity coaes
surveillance isioiis is reduced by its liigl:-level and!I rpm inO

~~ ano r~
Z)G al

Ole.:



itumcrophone number IIIARS Helicopter histruientatioa n id

7' analysis recordI length, see Recording System

'I-/ length of datat block, see INVDIC McDonniell Douglas Helicopter

III anmalysis start time for uth \11 main rotor
microphione. see Mcmnicropiwm

Vairspeedc. knmots OASPI, overall sounmd pressure level, (113

V aircraft velocity. fL/sev (re 0.0002 dpivs/cni2)

X. y. : Cartesian coordinate systein with P'M p~ulseCcode mou~latioin
origin at imicrop~hone I (reference SPI, sound pressure level, (lB3 (re
mmcrophiome) 0.0002 dymies/cin'2)

AYsidelinle deviation limits. ft Rat mnigrtesmipspr

z altitude, ft seconid

A z altitude deviation ii ts. ft ToTr turinme output tempej~rature, *C

(I anugle of attack, (leg 'I'l tail rotor

d an1gle of Sideslip, (leg \VFF Wallops Flight, racility

0 longitudiiial-directivity aingle, deg Description of Experiment

flrtfirst critical longitudinmal- Test Helicopter
directivity angle. (leg An acoustic flyover test wits conuimctecl at the
fl~fO scon Crt'Wl lngiudial-NASA Wallops Flight Facility during a 'I-week pe-

t ~rriidiectiv itale lgtdn riodl in May and Jime 1986. The teit aircraft,
direcivityangle (legwas at umoified McDonmnell Douglas 500E experimnen-

A0 lonigituinaiil-dIirectivity-anigle tal helicopter (fig. 1). The 500E helicopter has at
resolutioni, (leg 26.4 1-ft-dianieter, fully articulated, five-bhmded main

rotor systemi with aA'.58-ft-diameter, two-lbladCC tail
A1er4 measured lutdildietvt.rotor, anid it olperates at at iximumnii gross weight

aungle resolution. (leg of 3000 lb). Inm addition to the basic 600E helicopter

A07, lonigituinaiil-irectiviy-mmigle hardware, an onboard research instrumientation sys-
resolution dlie to block averaging. temn (described subsequlen~tly) and at four-bladed tail
(leg rotor and inuffler were installed (luring p~arts of the

flight test program.
Aun~t lonigitud(inail-dIirectiviktyageObadIntuettinSse

resolution duie to comibinenbad ntumnatolSse
effects of block averaging and The onboard instrumentation system, referred
altitude deviation limits, dleg to as- the Helicopter Instrumentation andic Recording

AOlateral-dtirectivity-anigle resoluitioni System (IIIARS), measures 311 different aircraft pa-
due o Sielin devatio limts.raineters. as indicated in table 1, at data rates uip

(Ing to sidlin evainlit., samIples per second. The MIARS provides
(leg a niodular, integrated, (digital data acquisition sys-

mumasuirmd lateral-directivity-angle tenti that can be istalled onboard any Jpasseniger-
resolution, deg carrying helicopter. A simplified system schematic is

p~resenltedl in figure 2, and a (detailed description of the
11rotor rotational sp~eed, rpmn MIARS electronmics systemn is provided in reference 9.

Abbreviations: The IARS consists of at fuiselage dlata acquisition
and recording system that fits in the rear seat/cargo

A/D analog-to-digital area of '.he helicopter, at rotor-inotntcel dant a acquisi-

CII - W13 channel widleband ~ Lion and telemetry system, and a 1/rev andl 256/rev
signal ring with integrated telemetry transmitting

FFT fast Fourier transform antenna that mounts on the rotating swash plate.
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Th'le MIARS itilizes anadviinctd, rotor-mounted, 8- direction, barometric pirmaurc, Anud dew po~int ill tle
bit pie code miodltion (PCNM) telemtetry systeii foriii or strip) charts.
to acqjuire min rotor mmeasuremmemts and a seconid Weather forecasts from the perimamleit. weather
10-bit PC'NI systemt to alquire fiisehtag iwrforltliace stationi were itsoid to deterine the aceptab~ility of
mmetsirements. The futselage data systemi receives the weather conditions for Hight testinig oi thle following
ro4.or telenmetry signmal. imerge the rotor amnd fuise- day. Weather conditionms that precluded Hlight testiing
lage 11CM signals iii at mmastershtve configuration, and were steady ground-level winds of 10 knots or greater,
p~rovidles mimgnetic tape storage of Ai (hnit fromt both relative hmidity iii excess of 95 percen~t, or precilpi-
systems. Time fulselage systein inxcorp~orattes a tmodernm tation. Atimmoupheri'- weather p~rofiles obtained from
cOmnmtxierrial PC'M sxmlsysteli to mul11tiplex the vani- the weather balloonisystemn were usedi to account for

osanalog anud digital trauxsducer signals ito it se. the prop~agation of theI acouistie signal fromt thetsource
rial digital forimat for onbourd recording. A 141-track, to thie receiver.
direct-recording imagnetic tap~e recordler with wide-
band 11 response was operated at 30 in/see to record Acoustic Instrumentation and Flight Test
all aircraft datta. Prcedures

H elicopter p~itch and yaw attitudes were inca- The acouistic instrumentation comisiteci of 2.1 mi-
sured us.-ing standard flight-certified gyroscopic sel crolphone systems operated from 2 mnobile datat Vits.
hors. Pitch anigle ineasutrements were obtainedl using The microphones were p~ositioned into four linear itr-
a standard displacement gyroscop~e. whervias yaw all. rays of.six icrophiones each as illustrated inl figure 3.
gle or heading nasuirenients were ob~tained ushing it T1hie tistance between i-djac.-it microphomnes within
iorthi-.shved gYroscope. each array wits 200 ft, whereas the distance between

arrays was 250 ft. Eachi microphone was fitted with
Tracking Instrumentation System a grid cap and wind screen ti n wats inoited onl a 4-
The aircraft position tracking systemn consistedl hy 4-ft plywoodl ground board. Each microphione sig-

of it haser system inl conjunction with it FPS-16 radar intl was amiplified, band-pass filtered between 20 IN
system. Inl the event that the laser lock is lost, the anud 10 k117,, and~ recordedl (along with time code)
tracking system reverts to the FPS-16 radar system oil at frqdumemc3-miolateti, 14-track wiclelanic I tape-
which tracks it C-bstnd transpondler mounted onl the recorder operating at 15 in/sec. A pistonphonke was
test vehicle. Real-time 2-y and x: p~lots p~rovidled im usedl inl the field each daty for sotind level calibration.
mnediate verification of the flight path acceptab~ility. A typ~ical data runiscenario begins approximately
Thle tracking daitai were lpostprocessed by translating 2 iniles out froin the micropione array'. The p~ilot
thme coordinate system origin to the reference micro- aligits thme aircraft with the desired flight path (set'
pliome position and rotating the coordinate system fig. 3) and attains the proper altitude andl uirspILeed(.
to align it with the desired flight path. The p~ost- Direct comu nications between the aircraft, pilot atnd
processed tracking data, inl the formi of tunec histories it radatr technician are uitilized to help mnaintain anl tc-
inl both the sphericatl anud Cartesian coordinate s3'5- ceptable flight track. The radatr technician, viewing
temlis, were recorded onl magnetic tatpe .mt a rate of the xy and : tracking data inl real time, recomnnends
101 p)oints per second. alonig with timxe code. T rack- flight p~ath corrections when necessary to matintain
ig datta sure presented inl Cartesian coordinates front the flight path within acceptable linmits. At tilplrox-

tint ')ost'rocemsed da-ta. inuately 1 ile out all data systems are turned onl.
I*E* ' Thme aircraft, flying at constatnt altitude and airspeed,

Meteorological Instrumentation System passes over the microphone array anmd continie-s onl
this course until it is approximately I imimle past the

A small, tethered,. blimip-shaped balloon was used array. At this point all datta systems are turned off
to lift instrumentation that provided inieteorologi- and the (data ruin is complete. Immedi~xiately after coin-
cal ditta before and dlurinig time flight tests (ref. 10). pletiomi of the (datat run, ail wssessnemt is imaudet of time
Profiles of temuperatumre, relative limumnmidity, and1( winmd flighmt p~ath acceptability atmd acoustic daita quality to
sp~eed anid directionm were measured upl to time mnaxi- determne whether a repeat of the run is requmired.
mmiii test altitude. The oumtp~ut of thle packaige wats
telemietered to anl instrumenit van onl the ground, Data Reduction and Analysis
where it was (lisplved ill real inie andl was recorded Arrf lgtDt euto
onl miagietic tap~e. Adlditiontal weather informationxArrf lgtDt euto
was ob~tainmed from a permianeunt weather station at Thxe HIARS dlata redumctionm process conimsited of
the WFF. Tme permanenmt weather stationi had at selx- (IeiiltiJpleximg time originmal serial digital (data stream
son heighit of 10 in and~ imeasured windl speed and back into the individual compJonenmts anxd conmvertin~g
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each of these comptonents to their resiective engi- For each time correixmnilng to a directivity angie
neering units. Pitch an", yaw mneasuremients were of interest, one segment, of data centered onl that ttle
obtained sit at rate of 231 samples per second, and is found for each mnicrophone. Ench *eginent is sep#&-
the 256/rev mneasuremients were obtained at a rate of rated into blocks, a Ilanitng (lata window is Applied,
5553 siipks per seconi(. and it spectruma is calculated for eachI block. Th.w

block spectra are then averaged to provide a block-
Acoustic Date Reduction averaged spe~ctral m-stimAte ror each segmnent. Tile
t. acoustic source field produced by an aircraft block-averag"I spectrit correspi(Iitg to each dirc-

mnoving at conistanit altitudeC. velocity, attitunde, anld tivity aingle of interes. a ;re then emelbleaveraged
engine poawer setting through it uniform atmosi(phere over all micerophones. Each miinbl-vra nl-
represents at stationary random p~rocess. Tie aicous- psii conisists of 5 llocks of 2048 points each per
tic signal received front ait moing aircraft. t.t a fixed imicrophone for a frvency resolution of approxi-
ob~server po)sition,. however, is nonstattionary. In ;I(di. iately 12 lHz mid sin 80-percet confidence inter-
tion to tle well-known l)oppler effect, the character- Vail of 1.08 to 0.90 dB1 abouit. the es timlate based
istkcs of the sjpectruin of the received signal chanige oil a chi-square distribution. The advantage of this
because of the directionality of the source, spheri- ensemble-averaging technique is that it averuges pres-
cal spreading,. atmospheric ablsorption, and ground sure spectra. fromt "N" miicrophiones from one aircraft
Teflection and attenimation. Since thle technliques of flyover rthler than thle more typ~ical imethodl of av-
time series amalysis are valid only for data that sat eraging presure spectra front "N" flyovers of one
isfy condlitionis of weak stationarity (refs. I I and 12), microphone. This technique greatly redluces thle re-
tile received acoustic signal is assummied to be weakly (iuirted flight time while assuring very similar flight
.stationary over sonie sufficiently small Oine interval. conditions for all dtai used in the ensemble-averaging
H owever, small anlysis time intervals result ill few plrocess.
statistical degrees or freedom and ploor confidence
in tile sound presure level estinutes. To circuni- Resolution of Longitudinal and Lateral
vent this dilemma. at technique of ensemble-averaging Directivity Angles
spe~ctra over several tmiicrophonies is applied (ref. 8).

The procedure for redIucing the experimental data An iniportant considIerationi in any acoustic fly-
is ats follows. Directiviy angles are calculated from over test is thle (lirectivit:' of thle noise ield radiated
aircraft position and estimated aingle of attack. Re- by the aircraft. For highly directional aircraft, such
ception tims are calculated by assumning that the ats helicopters, the resolution of the directivity angle
sound Ipropagate-s in at straight line at at constant, av- of the acoustic measuiremient, becoes miost, inipor-
erage speed dletermined fromi meteorological data. ob- taut. As an example, figure 4 and 5 present pre-
tailled from the balloon system during teStig. The dicted horizontal and~ vertical noise directivity pat-
average velocity of thme atircraft during the flyover is terns for thickness noise and loading nloise, resjpe-
also calculated. To analyze the (data accordig to (di- tively, for at typ~ical four-bladedl helicopter in forwardIrectivity single. dasta records are interpolatedl to (Ie- flight (ref. 13). To define the horizontal directivity
terumine signal receptionm times corresponiding to the p~attern due to thickness noise in termns of thle overall
enission angles of interest. sound pressure level (QASPL), figure .1(a)shows that

For the 500E test, the analog acoustic tap~es were at directivity-angle resolution of 15*, for example. is
salhedl at a rate of 25 000 samples per~ second~ and sufficient. However, at thme Iongitudinal-directivity
digitized with an amplitude resolution of 3600 counts angle of approximately 1 10". at directivity-mngle res-
full scale. In order to ensemble-average spectra fromn oluition of 150 would alter the noise contours for thle
different microphones. the indlividlual spectra ust be vertical directivity patttern chue to thickness noise pre-
calcumlatedl from datat segments based onl an identical sented in figure 4(b). The horizontal directivity pat-
aircraft-to-micropo? directivity angle. With the tern cluie to loading noise presented in figure 5(n) in-
mimicrophones equally spaced along at line parallel to dicate-s that at oirectivity-angle resolution of 15* is
thle flight pthi it is necessary to shift, the datat for sufficient if the OASPL or the sound pressure level
each umicrophonme by at time 1,1 defined ats (SPL) of the first harmonic is of interest. How-

D ever, at finmer (irectivity-angle resolution would be re-
= (t -l)(1) quired to avoid averaging ouit the lobuilar patternsV of the SPIL of the second and third hiarmonics. Fig-

where it is the microp~honie number, D is thme distance tire 5(b) shows that a directivity-aingle resolution of
between adjacent microphones. and v; is the aircraft 150 is sufficient to represent the vertical directivity
velocity. p~atternI of the OASPIJ (Inic to loading noise for any
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longitudinal-dircctivity mngle. lit general. the more Effect of Attitude Variations
lobular the paittern, the filter the dilectiviy-angle Variations in the aircraft altitiKle during a flyover
resolutioni requi'red to accurately reprFoduce the ac- will increase the lniuna-irtiiyageraw-.
tual phienomlena. lution. Consider thle aircraft as it ajpprwthes the

lit d",sigiling it flight test plan ror aircraft itoise microphlon~e array as shown in figure 7(a). Thle data
iteaurements, the directivity-angle resolution of reduction parameters along with the aircraft veloc-
the averaged acoustic spectra imust be considered. it3' ad tile altitude deviation limits provide a "datat
Directivity-angle resolution is affected by the data box" that is V1 xT ft long by 2 AZ ft high, where AZ
reduction paramieteri, the aircraft velocity andl al. is the altitude deviation limit. Thto analysis averages
titude, and the dleviations; or the aircraft frot the thle acoulstic signal measuired while the aircraft moves
desired straight-ancl-level flight path. The follow- through this (lata box. Wheni ap~proachinlg the micro-
ing three subsections will (lismuss the effects or thle phone array the maximum longitudhnal-directivity-
averaging technique and the effects of the verti- angle resoluition (due to the combined effects of llock
cal and horizontal flyover envelopes oni the acoustic averaging and altitude deviation limlits (AGTA) WoUldl
directivity-angle resolution. Plots of the (directivity- be~ obtained if the aircraft entered thle dama x
aingle resolution ;is at function of thle nominal dairec- fromt tht lower right-hand corner and exited through
tivity angle are p~resented for a typ~icall flyover. The the uipper left-hand corner. As thle aircraft, nears
flight condlitions and (data reducetion parameters for the overhead p(ositioII where 6 is greater than some
these plots are given in table 11. Finally, the effect of critical longitudinal-directivity angle (Orriti) and less
(differenit p~aramneters oil the (lirectivity-angle resolu- than a second critical lonigitudiiinl-dire-ctivity angle
tiowi will be disclused. (0a',12), tile mlaximuml~l A9rA would be Obtalined if

the aircraft passed through the entire data box while

Effect of Block Averaging at the lower altitude lintit. The equations for these
critical directivity angles are

The time interval or record length (T') required
to obtain the necessary data for the block-averaging =1rt tantl- (2Z/1uTJ) (41)
analysis is definled ats

Ocrit2 = 90* + (90 - OcritI) (5)
T = I) x TI (2) For 0 > Ocrit2, tile nIaxinmuna~l AOTA would be Ob-

wher JV7 i th nuberof locs o daa ad T is tained if the aircrmtft entered the dlata box front the
wreisthe numerofblck of data andock.l upper cight-hand corner and exited through thle lower

t~melengh o (lah blck.left-hand corner. This maximum resolutiomi-angle

During this titme interval the aircraft travels at scenario indicates that for anl approaching aircraft,
given distance. The change iii the longitudinal- at sudden drop in altitude will prodluce less of an in-
(directivity ang~le due to the aircraft travel defimn the crease in A07TA than would it sudden increase in alti-
lonigituinaiil-dIirectivity-anigle resolution dtue to block tilde. Conversely, for it departing aircraft, a suiddeni
averaging (AO7,) as illustrated in figure 6(a). The increase in altitude is p~referable to a sudden dIrop) in
equation for A01r as at function of the longitudinal- altitudle. lin the near-overhead position, the greater
(directivity angle (0) is the altitude the smaller the resultant angular resolu-

tion. The equations for maximumn AOTA ats ai fumic-

AT l- I z ztm -u'2 tion of 0 are, for 00 < 0 < cij
Z/tn 0- u/2)A0-A tal-I( +AZ

-tan (z/a Z+ (3) Z/T tan 0 - vT/2)

where 0 is the lomgitucinal-directivity amngle, Z is thme (6tn v/ )
altitude, u is the aircraft velocity, and T is the recordl fo tamimi :5 ta 5+v -clength (see eq. (2)). Figure 6(b) presents a plot of thle fr 0 rt ci
variation Of AOr as a function of 6 for at typical flight, ( Z AZ
condition. lin the overhead position (where 0 = 90*), AG7'4 = tall I
AG7' has a mnaxinmumn of nearly 130. The shape of this kZ/ tanl 0 - vT/2)
curve is typical for any chosen Iparamneters, and only - tam- 1 ( Z-AZ \ (7)
the magnitude Of AG7' varies with these parameters. kZ/ tan 0 +vT/2 )
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and. for 0,1 2< 0 < 1800. maximum of 9° in tle overhead lxmition between
Ocriti and 0crit2. Tie itaxihium AO is iti t critical

=tall-1  Z-Az WheII1 Oca :5 0:5 Ocrl'2
( I tan 0- vT/2

t ( Z+ AZ. The Combined Effects of Block Averagiag,
- a .Z/ tal 0 + u't/2 ) Altitude Variations, and Sideline Variations

The previot. ipragraphli have introditced theFigure 7(b) ifre.ets a plot of the riat olt or A#T. concepts of directivity-angle resolution doe to three
as a ftitetion of 0 for ai typical flight coiditio., "'he different, parameters: the time period required for
AOTA 4 curve is symmetric about 0 = 908 with a max- data acquistioli, the altitude. mid tile sideline de-
|umn of 14 at 0 = 72* and 108* ad a decrease of viation limits. To consider the combiied effects
abotit 0.5 nicar 0 = W. The shajpe of this curve of analysis time, altitude variatio.s, anld sideline
is typical for aitm sekcted parameters: however. the i'ariatim.s, the data box becomns thre -diietsional
loratioul(s) and Imagitude of the iaximitimul resoln- (V x T ft. log by 2 Ay ft. wide by 2 AZ ft. high). Be-
tioi angle cal vary sigificantly with flight anid data cause the anflysis fixes the tihe period reqiredl for
reductin l)arameters. data acqlisition amd assumnes that the test aircraft

does not deviate from the desired flight iath, A01 -

Effect of Sideline Variations is the mititum ngitudinal-dirtivity-migle resolu-
tioel available. Sideline deviations have 1o effect oi

\'ariatimis in the aircraft sideline track will pro- the longitudinal aigular resolution; therefore, ALrA
duce a sideline or resorlludirectivity-angle resohition is the niaximum iongituidial.directivity-angle rte-
(A) is shown in figure 8(a). The data reAuctioi lution. Figure 9 coml)ines A0T mid AOTA versus
paraieters. aircraft velocity, amid sideline deviation 0 for a typical flight condition. The solid curve is
limits produce it cata box that is I x T' ft long lby A01- and represeits the minimum directivity-angle
2 AY ft wide. where AY is the sideliie deviat'ot resolution available for all angles of 0; The mnaxi-
limit. The anialysis averages the acoustic signal ea- iui directivity angle resolutioi (ATrA) is plotteil
sured while the aircraft moves through this data box. ats a dh..l.d line. The longitudiial-directivity-aigle
The maximiumn AO would be obtained if the aircraft resolutioi of the measured acoustic signal (A0,,.A)
were to traverse the data box itistantaeotusly froin for any G will f,4l somewhere between the curves of
one sideliie limit to the opposite sideline limit at the AGr and A'r4. depending on the naimer and the
point witlhi the data box where the aircraft is clos- magmituie of tile aircraft deviations from the desired
est to the iiicrol)hone. The equations for AO as a test altitude its the aircraft isses through the data
fuiction of 0 are, for 0' < 0 __ 0critl. box (i.e.. A01- < A#.1w& < AOTA). For example. at

0 = 60° , 10 5 AGI:1,I :_ 13°.
Although the sideline deviation limits have no ef-

A = 2 x tan -  Afcct on the longitudinal-hirectivity-angle resolution,
2 x tai t " / + . the altitude deviation limits do affect the lateral.

0 - + Z 2 directivity-aigle resolution. If the aircraft were to
(9) pass through th~e thiree-dimensional data box at thle

for Ocritl : 0 5 Ocrit2' lower altitude limit, the distance 12 in figure 8(a)
would decre.-ise slightly; and since AY is hel con-

I 0Y stait. A, would increase. However, betase this
2 x ta, "  (10) increase in AO is very small, the effect of altitude

deviations on AO is not considered ini this l)aper.
and. for O t : -0 < ISO*- Figure 8(b), then, presemnts the maxinnun lateral-

directivity-agle resolution coiisidered il this paper.
( iThe lateral-directivity-angle resolution of the nien-

AO = 2 x tan - SA  sured acoustic signa (Alize.) for anly 0 will fail
[(Z/ tan 0 + vT/2 )2+ Z2] 1/2 somewhere between 00 and the curve of AO, again

I tdepending on the manner and the magnitude of the
(11) aircraft deviations from the ideal flight path as the

Figumre 8(b) presents a plot of the variation of AO aircraft passes through the data box (i.e., 00 <
as a function of 0 for a typical flight condition. AOIIeas < AO). For the flight conditions listed in ta-
The AO curve is symmetric about 0 = 900 with a ble III, at 0 = 600, it is found that 00 < A~1 eas _ 80.
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Calculations of Directivity-Angle Resolution lit a, 75M.t altitiude. The itaxiumn A91 always oc-
for Various Parameters curtiat 0 =90* anid decrearA% from 31* lt it 10Rf

Angle Resolution for Range of Velocities atittud to alproximiately 4* at a 7510-ft altitudle.
Figure 13 p~resents a plot or A0 verstis 9 for al-

Figure 10 presents plots of the lotigitdinal- titIdlts of 100, 260, W00 and 750 ft. Thm nuixintui
(Iirectivity-aigl resolution b~ounidaries verstis th AOi decreases front necarly 23* at a 100-ft ailtitiude to
niomiinal dire'ctivity angle for aircraft velocities of .1o approximiately 3* at a 75c-ft altittude. and this niaxi-
to 1410 knots in 20-knot increments. The nittxiniunmu nigi gl occurs for 6,60 5 & < Ari,2- II id ~itiofll
A01-'4 occurs inl tIe overliead position (0 = 90*) ;i decreasig altitude decreases the value of #,ritj andH
the higher velocities and moves progressvely farther increases thle value of 0,60,2 thereby increasing the
away fromt the overhiead position ais thle velocity dc-. with of the region of maximum A0. AL a 100-ft at-
creases, while always min~tainling symm'letry about, titutldl, this region is 75* < 0 : 105* and decreaes".
0 = 0*. rThe inaximnun .101A decreatsei fronm nearly to 88* 5 0 :5 020 at at 750-ft altitude.
24*li t 1410 knots to approximately 90 at .10 knots From figures 12 and 13 it can be concluded that
while the location moves from 0)= W* for velocities of both thle lateral- and lniuia~ietvt-nl
100 knots or greater to appjroximnately 280 away from resolutions~ are simallest lit high altitude.
the overhead position aIt 40 knots. The maximtum
Up1 always occurs sit 0 = 90* and decreases fromt Angle Resolution for Range of Sampling Rates
220 ait 1410 knots to approximately 00 ait 410 knots.

Tile mnaxinmin Ao. is ini~lelmmilent, of velocity:. Figure 14 presenits plots of the longitudinal-
however, thle values of the critical longitudinal- lr.hiyiil resolution boundaries ve"-ut't the
directivity angles (0,riti anid 0,ri42) are not. Fig- nominal dlirectivity angle for sanlthling rates (SR) of
nre 11 presents it plot of AO versus 0 for velocities 15000 (15K) to 40000 (40K) sampijles per second.
of 410 amnd 1410 knots. For both velocities presented, The maximmi AG. 4 ccurs in thme overhead positiomi
the imaxininuin AO is app~roximately 90 and Occurs for the 15K and 20K SR cases and moves progres-
for 0 rit, :5 0 :5 Ocrit2 For 00 < 0 < 8,rijt, thle sively farther away from the overhead plosition with
1410-knot curve is slightly greater thtan the 40-knot increasing SR while always maintaining symnietry
curve. and this dlifference generally increases. with in- about 0 = 90*. The maximum W,-,,4 decreases fronm
creasing 0. As 0 increases from 19lu2 toward 180* nearly 23* for at 15K SR to 100 for at 40K SR, whereas4
thle 1.50-knot curve is again greater but thme difference tile location imovez from 0 =9Q0 for the two lowest
generally decreases with increasing 0. increasing ye- samttplinig rates to approximately 23* away fronm the
locity decrease-s the value of 0,i amnd increases thle overhead position for the highest SR. The maxinium
vlule Of Ocrim2, thereby increasing the width of the A0G- always occurs ait 0 = W0 and decreases fromn
region of maxiimnumni A0. At 410 knmots. thmi! regioni is alpproximately 210 for thle 15K SR case to julst less
$70 < 0 :5 930 amnd icreases to 790 < 0 :5 1010 at thani 80 for the 40K SR case,.
I10 knlots. The inaxiim A0 is not affected bky sampling

From figures 10 and 11 it Canl be com01ieude that rate; however, the values of the critical longitudinal-
tile directivity-amigle resoluition, both lateral and lout- dlirectivity amig~es (Oak~i anld Ocrit2) aire affected. Fig-
gitilinal, is tile smallest ait low velocities and i- tire 15 presfiits. k plot of the lateral-directivity-angle
creases with increasing velocity, resolution v'ersmis the noininal (directivity anigle for

sampling rate of 15K and 40K samples per sec-
Angle Resolution for Range of Altitudes ond. For both sampling rates p~resenitedl, thc miax-

ini A is 90 anid occurs for Ocritl :5 0 < 60rt2-
Figure 12 presents plots of the longitudinal- For 00 < 0 < 0 ctriti, thme 15K sampling rate curve is

(lirectivity-amigle resolution boundaries versus the slightly greater thtan the 40K sampling rate curve,
nominal directivity angle for test altittiles of 100, and this difference genierally increases with iticreas-
250, 500. amid 750 ft. The imaxinunii A0O1'A occurs imig 0. As 0 increases from 0crit2 toward 180*, dhe
ait 0 = 900 for the 100-ft-altitude case and mioves 15K curve is again greater but the differenice gemner-
p~rogressively farther away fromi the overhied posi- ally decreases with increasing 6. Increasing the sain-
tiomi with increasing altitude while always inaintain- plitig rate inicreases the value of Ocrit and decreasesi
iug symnnietry atbout 0 = 900. The maxiimum AGTA thle vatlue Of OcRi2. thereby decreasing tile widlth of
decreases froin approximately 38* at a 100-ft altitude the region of naximuntii 60. For thle 15K sanplimig
to appJroximuately 5* at a 750-ft altitude, whereas the rate, this region is 800 < 0 <5 1000 and (decreases to
location moves froin 0 = 900 at a 100-ft altitude to 800 5 0 :5 940 for the sampling rate of 40K smnples
approximately 180 away from the overhead p)osition per seconid.



Froti figures 1. and 15 it call b conclded podition with d(icrcsng N" while always Iiaintsin-
that the lateral.iand losgitudinu-directivity-nngle lig nynmetry about 9 = 90. The nmaximum .rA
resollliouis are siallst at high saitipling rate. In- decrcw front nearly 285 for Nt = 9 to appwowi-
creasiltg the simpling rate not only increases the data inately 6* for Nn = 1, whereas the location movit
file size but, also increses tile liaXiiutn frequency of froi 0 = 90' for Nn = T and 9 to aplproximately 38*
tile siectra. away from the ovrhel position for Ng = 1. Tb"

nitximum A9r alw,*s occurs at 0 = 90' anxl de-
Angle Resolution for Range of Block Size crease from nearly 23* for N) = 9 to approximately2.5" for Np j= 1,
Figure 16 prce ts pIots of the longitudinal- The inaxinuI lA 2, is Ot affected ly the =n1.er

directi'ity-jingle refolutior bocklaries versLs the of block averages: however, the -alies of the critical
nominal directivity angle for block sixes of 512, 1024. longituditial-directivity angles (9rt and Orri2) Are
20.18, anld .l090 sainpie s. Thle maxmuml A~. occurs al~,l Figure 19 presents~ at plot or A@vrt
at 0 = 908 for tile largest block sixe and itiovies pro- ' for N = 1 ad 9. For both No = v andl

gressively Farther awav fron tile overhead position 9, t f xiorN1= AI mi a9.)roxilately 91 ad til

am the block size decreases while always niintaiuing axieu angle occurs for Uprl -- U -mtl 9 2. For

sym nietry about 0 = 90 . Lim e I i m u m AI lA tie - 0 < 9 < Ti the N 9 c rve i ,d slightly greater

creases from 27' for b = 4096 to approximiately 6* L<UI the N11 = curve, and tins siferemce generally

for b = 12 while the location moves fromt = 90 icrea with icreain g 9. As U icrafe from 9rri2

for the largest block SIAe to approximutely 36* away towaird 180 thie N g = 9 Arsv ins aain greater

fromt tile overhead position) for the smallest block size. but the Niiferemtee generally decreaser with icreing

The imiaximumn AO nlwkys occurs; at 0 = 90 and de-. b Decri g N i ifc re al te value of icri ng atd

crevases -irom 25 for b = .1096 to approximiately 3* for 0ecretases the value of rri2crease tilt rlo ciIg the
b = 512. width of1 tilt r4giC Of 0,60,u theeb Focres t ile o

'ie maximiun A0 Ls not affected by block size; width of the region of itnaximmwn01 For tltce of
however, the values of tile critical longitudinal- 1 ,ti ein4,V7- 511 n er*
dire:tivitv augl.os (9crill ald Orit2 are- afrmedl. Fig to 89' 5 0: 91' for Nn, = 1.

di -tvt nls(~~ad9,1)aeafce.Fg It. can be conlutded that the lateral- and
re 17 presents a plot of A6 versus 0 for block sizes ongitudual-directivity-angle retolutions are ,lullesl

of 812 and 1JW9. For both block sizes presetd, with a small s. owever, decreasing the numberof

the maxiumm A,5 is approximately 90 and occurs for ith a sinnil rej. te dec e iter or

Ocrit 1: U5 Orrit2. For 0' < 0 < 0critj, the 4090 block block aveages redces the confidence interval of tie

size curve is slightly greater than tile 512 block size sond pressure kvel provided by tie analysi.

curve. and this difference generally increases with in-
creasing 0. As 0 inicreases fromi 0 cri2 toward 1800, the Assessment of 500E Flyover Experiment
.1096 block size curve is again greater but the differ.- Variability of Aircraft Flight Path
ence generally decreascs with increasing 0. Increas- As a result of recognizig t the aircraft can-
ing tile FFT block si/e decrea.es the value of 0crill As a prely ofraigt-atdhe firt a,-
and increases the value of 0crit2, thereby increaig iot fly a perfectly straigh-and-level flight patl, li -the width of the rHihon of maxinuun A. For =et. In'109 wthis region is 78 < O < 102o m axim decrea. o time previous section it was shown that (ta reduc-S thisreginis< 0 5 102 and d.t ion techniques can provide swine adjusttment to theFrom 5 1 an92 for b = b12. directivity-ari resohition; lower, deviations fron

Froma figures 10 amnd 17 it can be concuded that the desired fli.c path strongly inlflulince til! resohl-
tie lateral- uid itdeireaiingle resoli - lion. For the 500E flight test program, the test iua-
creasing the block size .ot only reduces the frequency trix included a range of aircraft velocities, altitudes.resoitio,! of the spectral aalysis but alo reuces gross weights, and mailt rotor rotational si ted, (N2).
tilreuin o tio tral . The vast majority of rum were conducted at 80 or 120e required coipumtitiom time. knots. 250- or 750-ft altitude, 3000-lb gross weight,

and 103-percent N2. Because it was not knowi how
Angle Resolution for Range of Block Averages well this helicopter could maintain a flight paith, limi-

Figure 18 presents plots of the longitudinal- its were selected that would provide reasonable con-
directivity-angle resolution boundaries versus the ditions for the analysis. At each of the test altitudes
nominl directivity angle for the usage of 1, 3, 5, a "box" covering the sideline and altitude variations
7. and 9 block averages (ND). The maximuu AOTA was selected. Table III lists the altitude and side-
occurs at 0 = 900 for the NU = 7 and 9 cases and line deviation limits for each altitude, along with
moves progressively farther away from tile overhead the niagnitude and location of associated maximm
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~iiecivty-iuleresoln tions. Inl this section %iII evalI- 3000 lb) (solid curve). Figure 22(a) and 22(l)) were
itzitioni or tile vehticle Ito reaaiai' xithii this box for obtined at anl altitude of 250) ft andi velocitics or so
the various test conditions of velocity, alititude. %t- andl 120 knots, respectively. whereas figures 22(c) and
htire gross weight, and main rotor rotational sp1eed 22(d) were obtained at nit altitude of 750 ft andl veoc-
(N2 ) will be presented. ities of 80 mnd 120 knots, resplectively. Average windi

Figure 20 pre*-nts plots of horixontal and vertical conditionis ait thle test altitudle tire premented inl each
flight paths obtained for velocities or .10, 60, 80. 100, figure with the dlashed line representing the wimds
120, and 128 knots. nhe test altituide was 26~0 ft and for thle 2401-lb case and, the solid line rep~resenting
tilt sideline And altitude deviation limits were Wet at thle winds; for the 3000-lb) case. The uipper plot in%
*20 ft (s4hown as s4traight solid lines inl the figure). each figure p)resents tile horizontal flight, paths and
The direction of fMiAh was rro itegative x to lxmi- shows thit thle aircraft was able to stay well within
tive x. ond tile aerage wind condlitions at thle test the. sideline dleviationt limtits for all m"asespIt, for
altitude were !6 inllh from 2fi0* rise inicropihone thlt. 80-knot, Th0-ft-altitude case (fig. 22(c.)). For this
(italc) array is located frot 'x = 0, yj = 0,:_ =0 (posi- case thle high winds just mom~agNd %, jsh tile air-
tion of referenvo t'uia) to x 1000. !/=0.: = 0. The craft ouitside the right, sideline limit, before the ptilot,
uipper plot1 preits the horizontal flight p~aths and was able to correct for it. Because thi deviattioni wts
showsi that the aircraft was able to stay within thet very small. however, the flyover was judiged accept-
specified sideline deviation limits for all speed al- able. Theo lower plots p~resent the vertical flight paths
though the winds teiided to keep thet aircraft toward and show that thle aircraft, was able to stay within thle
the left of tenterline. Thle lower plot presents thle hltitude dleviationi limnits for all altitiudes. The reduc-
vertical flight tracks and shows that the aircraft was tion inl vehicle grom weight, fromt 3000 to 2400 lb) had
able ito stay within thle altitude deviation limits for no effect on thle ability of thle pilot to keep Lte aircraft
aill bult tile hKighe velocity case where thit ircraft, withinl thle altitude anld sidelinle deviation limits.
started sit anl altitude 10 ft below the lower altituide ioe2cmprshiznaadvrtalfgt
limit. However, the nominal directivity aingle was Faigu r 23i otr horional an ricals (j flih
,mill thuy sultiwhn it aircratiyntler r utio Ita 103 Psercent, (solid curve) and 90 perceent (dashedI
thAt was1. significantl illr tha th-e axilutire curve). Thle normal operating speed of N2 is 103 pter-
oltihangeortira than flyer amjudred. cent. Figures 23(n) and 23(h) were obtained at n
accjtbisie. Frti eso iefyvrwsjde altitude of 250 ft and velocities of 80 and 120 kitotsq

Fiuep le.~~ i5pot fhrznaladvria respectively, while figures 23(c) and 23'(d) were ob-Figue 2 prsent plts hoizotaland ertcal tined at n altituide of 760 ftand velocities of 80 andflight paths~ ob~tained for altitudes of 100, 250, 5W 120 knots, rLespectj-,ely. Average wind conditions at
and 750 ft. reipvetivel3'. The velocity was 80) knots the test, altitude tire presited inl each figure with
and the altitude and sideline deviation limits for each tl-dsidln ersnigEi id o ieWaltitude sire listed inl table Ill. Wind dtas sit the test threntN case al ,.sldlne representing thewilfr the -
ailtituide were available for the 750-ft-altitude case- pid o e13ercent N2 ase. Tu1 he upiIlierprer pint

mit an wee aproimaely10 itiph si 2* o inl eaci figure presents thie horizontal flight hIathis and
the other three altitudes presented, ground-weather- soita it icatwsal osa elwtistationm winld danta Obtained from tile top of at 10-11 ho that thdlie iraft liais fal tor syeel wThn
pol tire pheentedFpo i ec figure averedet thepl lower plots presnt the vertical flight patth lad show
horizontTleflight pt and sahw thatr pnth aircaf that the aircraft was able toWARY withinl thle altituldehoriontl figh pahs nd how tht Eie ircaft deviation limits for all cases ex~ep)t, the 120-knot,was able to remain within the sideline deviation han- 750-ft-altitude flyover (fig. 23(d)). For this catxc the
its for aill altitudes. T1he lower plots p~resent the. icatsdel ea t nrae nattd nhorizontal flight paths and show that thle aircraft, bairerisdly exeeea toe upprea altitude and eor Ei
exceeded the altitude deviation limits for three of barly exceeded thoec fopr alitudeclausboe th ea
tse wer altctudedbyesantery sowevll atheseia iiu tion was very small, however, thle flyover was judged
isrelie eedb i e small noia lrclyamngs Thid ra- acceptable. The redtiction in maiin rotor rotational
reutiedy in al noinirectivityanl r aouinls. Tha er il speed from 103- to 90-percent N2 hamd nao app~arent

sultd il dirctivty ie ouin htwr tl effect onl the ability of the pilot to keep the aircraftsignificantly smaller than temxumresolution within thle altitude and sidleline deviation limits.ngle. For this reason, these flyovers were all judged
acceptable. Following are sonme general observations of the

Figure 22 compares horizontal and~ vertical flight ability of the aircraft to mnaintain the desired flight
paths for gross weights of 24100 lb (dashed curve) and path. First, it should be emphasized that (luring
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every rut lie aircraft pilot was ;it couistasit rotuttstitsli- exiwcted fet'r n helicopter, the p~itch attitimle decreAse%
cations with a radar techic~iians who was muiding hsint with increasisg velocity. For this velocity rige
thsrouigh tile box created bty tile attitude anid sidelinse tile aircraft pitchs attitude v~rkcd frot aboust 4* to
deviations liasits (as described lit tist, "Arowsti lit. -6g. but it held witiin about h* for a typical run.
struitiettiot ansd Flight Test Procedures" sections). Ths figure shows that tile aircraft attitudek inmat be
Alsqo. L itsossd be p)oited out that two flyovers were considered whiset d1--tersitiig (lie lower setispherical
typically required at1 each conidition to olhtai nis asssi acoustic -sig~stitsre front anis aircraft flyover.
ceptabtle flighst path. Mlaintainsing the propvr alti-
tude sceassied to he assore difficult thant muitstaitidaig Concluding Remarks
tle proper hsorizonstal pathi sine the pilot cals use
visuial grounsd references to Itor;?.otally aligns tise air- A study was; consducsted to insvestigate thlt iei-
craft flight pasth. %1isal grounsd rererescitsg becoitiss ssaressetst resolutiotn of no~ise directivity ptattertss frotii
les avcisrate with issrreasisg altitssde, thereby neces- ACOIStC flight Its. IDircctiviy-antgle resolutions it;
s4itatitsg tilt exjuatlsiott of tisle'attitutde Itild s1ielinet de4- affected by tise data rcdluction paramtst', tile air-
viatiots lisisits. AN tise aircraft velocity intcreases5. thli' craft velocity' ansd flyover -.ltitusde. ansd deviatios
pilot ussast react mnore qusicly to anly deviatios~ frossi of tile aircraft fronss thet desired flighst patls. The
tile desired flight path cawed bty wind guists, e~tc., ill ninxissumt directivity-asglt resolution typicalhly ()c-
order to stay withins the altitude and5( sidelinse devin- curs whens thle aircraft is ait or tar the~ overhesul po-
tidal limsits. Fitnlly, durinsg this flight test psrograms sition. Tist, mtaxitntlsituisldrciiya~
tilt ratio of acceptable flyovers to total numasber of resolutiots is affected by nil tilt- above p.araaaseters,
flyovers iascreniet dramsatically withi pilot exp~eriensce, whereas the usaxitii aea-ietvt-si res-
titus itsdicatintg thsat lprIative is oxtreissely vadssable. olutioss Is ntfiected b y altitude mily. lit gensera.ti

Varabiit ofAirrat Atitdedirectivity-ansgle resolutiots impsjroves with de~creas-
Variablity oAircaft Atitudeinsg velocity, Inscreasinsg attitudle. incereasing Satlpliatg

'nt acossstir antalysis assisses thsat tilt aircraft rate. decreasittg Wor~k size, andt deecresitsg Nlock aw-
snot ontly flies it st raight-assd- level path. liut also flies erages. Deviatioits frott tise desired ifaI flighst path
withit ainsg that is always aligsed1 exactly ill will Inicrease tile resolsutiots.
tile desired directions witls at pitch attitude of 0*. At Ltse typical test altitusde of 250 ft. sidelinse iald
Figure 2.1 ireiestts tlt- aircraft hseaditng ad p~itcht altitude deviation littits of *20 ft were selected and
attitud~e for velocities of .10. 60. 80, 100. 120, and tise flyover distansce for acoustic data acqutisitioss wits
12.4 knots at at 250-ft attitutde for the flight paths app~roximnately 7600 ft. Ott average, two flyovers
lpreieted inl figure 20. Thse (directiotn of flight was were reilisired at eauch test ~ondtitiont to obtaitn ass
frot negastive x to positive x, andttile average windt accep~table flight path. Tise ability of thle piilot to
coniditionts at the test altitude were approximsately mnaitntain tise flighst path ittllroved with d~ecreasinsg
16 1t5Jh at 260'. Trist- desired flighst path iheaditng was attitude, decreasing velocity, assd p~ractice!. As at
1000. resuilt of the prevailitng winsd consditionss, yaw isgies of

The upper p~lot ils figure 2.1 presensts the( aircraft ats intuch as 20* were required to isaitit the (leiredl
hseaditng as at funcstions ef dlistance frosts the referensce flighst paths. Helicopter patch attitud~e typically varied
mitcrophioneL and5( shsows that duie to tise p~revailinag ±2* duritng at flyover.
witnd ~cnd~itions, at yaw or crab) atngle of 35titsmch

as 2011 wa~s requsired to maitntain the desired flighst NASA Langley Resuearch Center
patht. Trise- 10-ktiot flyover required the greatest h1lallptont. VA 236065-5225
crab atngle. whsereiss the 100-knot flyover requsired Atagut 4, 1989
tise smtallest crab angle. Trie exp~ected resuilt of
dlecreasintg cr151) angle withs itncreasinsg velocity dloes References
nsot hiold its this velocity sweep. probably becatise 1 eetn onW:A vriwo flcpe' n
of varyitng wind contditionss. Althsouigh thet 410-, 60-, v Levertota Joisea I.tios Overiie of.31 neio.r' 1t.
a100-.anast pte8-md 120-kasot runts were 2.totindwti Jaaa./Feb. 1985,1t1). 14-15.

it 0-mntie santhe80 an 12-knt rns ere 2.Levertoat, Johni W.: Aeroacoautis-1istoricaI Prospec-
obtaiuted approximtate'ly 1 liotir earlier. At onsly one I an hinportn Issues. National Specialists' Meeting
instant wits theiaircraft lisadiag actually aligned with on Aeoynmc and Acroacoustics-Proccedings. Amer-
the dlesiredl directions of flight (tile 100-knot flyover ican Hfelicopter Soc., c.1987.
at ap~proximtately 2900 ft). Thse lower p~lot presents 3. Foster, Chad"le R.: Helicopter External Noise Require.
the aircraft pitch attitude as at functions of distansce mzents-FAA Perspective. Helicopter Acoustics, NASA
frosts thac reference microphone and shows that, as CP-2052, Part 1, 1978, pp. 1-16.

10



4. I'owdll. Ckunwi A.: #n~ McCuirdy. Daidk A.: IEffecdA 9. Thomas, NMitchel E.; awl Diamond]. John K.: Applikatlon
ofi Rrpcdafeon 1411C.- and Imjaid411rcne-ma of Sam UtIC1d I1h. of I.Aw-Power, Iligh-Hte PCNI TelmyIn ia flenkvier
ropfcr Rotor Aosse on .nnoyaner. NASA TP.-199. 1982. lnwirumeniax1on Syatem. I'i cee ge of the~ 3*4 1Ier-

r5. (;ohehl. loliert A.: a.id Wceir. Ioad S.: The Phw~c 11 11'@nlo In.4ttumenttion SYMPci4M wIn, trmtffett Soc. of
llOTONE T Systemn. Xostion at Sprcitpiat.%' Mectiny on AnterkA, c.1967, pp. 363-397.
.4rraody~nia n ii,1rmorow~ia* I'rxrid ys.r Atnwran 10. Scent.ell, Ronald J.; Stofry Rkhai'd W.; Ch",n~ Janx%
Helicopter Sor.. c.1987. J1. C.: and J~cotweo, Stelbcn .1.: Tethcrod Hollorn.Oasoi

G. Mm. 'lilip..:an lipird K.Uno:Vicrairl Aow- cuutntns # .VcoroS~licat Varo#~IW oend .4croiols.
tiesn'. Mcli .:aw0 look C.. Ic. .190. fw~tca NASA TM X-3 1976.

tac~ Me~aw~lulIhookCo..li ~ ~ ~ 1I. Deinlat, Julius S.-, and lPkiooI AMan C.: Resindtm Dats
7. Ame~rico" Vationaal Stan darel Atcthod for the Ceelciola ion A"*1yA- and .%I suertolt"I P1nxeniarrs Sseeead ed. (Re-.

ofl the Absorption of Sound by the .4tmospht. ANSI v~wal d iinckc). Johns Wiley k- Sows, Inc.. c.1906.
S1.26-1978 (ASA 23-197,4). AuIticaI lhtst. ofPyis 12. Hlardlin, Jay C.: Inroducten to Timte Srr Anal jpts.
1978. NASA R11-1145. 1986.

S. CGrldlq'. Dwna: J'rojarn for Xocaknd A4vaalg-isa of 13. Dalian. Clswk:. awl Gratkax, EDiond: liekopter How
Aaarnaff Flyoaacr Xoise 17sang JEnseanle Ara'enj 7'rda. Thikktwu Nohaw. J. Aircr.. vol. 18. no. 6. Jime 1981.
railucs. NASA Clt.165867. 1982. pn). 487 494.



Tible I. IIARS Me urement lt for 500E Flight Test Program

5ampling rate,
Parameter samples per *, 11ange

Rotating blade meamrements
Flapphig angk ....... .......... 5555 00 to 20* :t'x.
L~ead-Iag angle .. .......... 555 15 to V max.
Feathering aug!.. ........ 5555 17* to 32 max.

Nonrotating blade measurements
Mil col ctive .......... 231 0* to 150
TR collective .......... 231 130 to 27"
Longittdinal cyclic ........ 231 17* forward to 7° aft
Lateral cyclic .......... 231 7 port to 5.50 starboard
MIL 1/rev ........ ............ 5555 050 rpm m.
TR. 1/rev .......... ..... 231 3275 rpm max.
MR, 206/rev ........... 5555 50 rpm mu.

Engine and gearbox memaurements
Exhaust gas temperature (TorT) . . 231 0°C to 10000C
Ni ............... ....... 231 05000 rpm max.
N2  . . . . . .. . . . . . . . . . . . . . . . . . 231 6800 rpm max.
NI? ............... ......... 231 50 rpm max.
Torque ...... ................ 231 0 to 100 pia
Fuel totalizer . ...... . .. 231
Fuel flow ...... .............. 231 150 gal/hr max.
Fuel temperature ... . 231

iHelicopter state measurements
Airspetd.. ................... 231 30 to 200 knots
Altitude ...................... 231 0 to 2000 ft
Altitude rate .......... 231 0 to 1200 ft/min
Angle of attack ......... 231 :-150
Angle of sideslip ......... 231 ±300
Ambient pressure ................ 231 1900 to 2150 psf
Ambient temperature ....... 231 30*F to 100 F
Roll altitude ........... ....... 231 -900
Roll altitude rate ......... 231 60 deg/sc
Yaw altitude .................... 231 00 to 3600
Yaw altitude rate ......... 231 60 deg/sec
Pitch altitude .......... 231 ±300
Pitch altitude rate ........ 231 60 deg/sec
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Table 11. Typicad 500E Conlitions and Variatios Used in Parametric Studies

Typical 500E Variatiolm twl
Parameter conditions i, parametric tudi"s

Velocity, knots .......... 80 40 140

Altitude, ft ........... 250 100 750

Altitude deviation limits, ft . . . . -20

Sideline deviation liraiits, ft . . . . *20

Data digitizatio rate,
samples per second ..... . 25000 15000 40000

FFT block size, samples ...... 2048 512 40f

Number of FFT blocks ued
in ensemble average ....... 19

Table III. Altitude amd Sideline Deviation Limits Selected for 500E Flight Tetm Program
With Magnitude and Location of A.ociated Maximum Directivity-Angle Itesolutions

Maximum longitudinal- Maximum lateral-
directivity-angle resolution directivity-angle resolution

fl td AaImlIle anlsfrmxmm Aptdfrnainm
sideline Nominal directivity Nominal directivity

Altitude, deviation Amplitude, angles for maximum Amplitude, angles for maximum
ft limits, ft (leg resolution angle, (leg (leg resolution angle, (leg

100 ±10 33 90 11 75:< 0:< 105

250 ±20 14 72, 108 9 84:< 0:< 96

500 ±30 8 67, 113 7 87:< 0:< 93

750 4-40 6 62, 118 6 88:< 0 < 92
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Figure 1. The McDonnell Douglas S00E experimental helicopter.
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Forward 1

(a) HIorizontal dirctivity p~atternt.

Forward 90 80 70

dB

0 = 1100

(b) Vert-ca. directivity patterni.

Figure 4. Predicted acoustic directivilty pattern of main rotor thickness noise. Q 1 50 rpm; V
1410 knots.
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- -- -~-1st harmonic
- - -2nd harmonic

3rd harmonic

Forward 15

H:) orizontal dlirectivity patterni.

Forward908 d3

(b) Vertical dlirectivity paittern.

Figure 5. Predicted acoustic directivity pattern of mnain rotor loading noise. §1 360O rpmn; 11 1,40 knots.
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(a) Defitition of variabits ued in viuttion (3).
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(b) Variation of directivity-angle resolution with nominal dircctivity angle. If = 80 knots; Z = 250 ft; SR
= 25 kHz; b = 2048; JV8 = 5.

Figure 6. Longitudinal-directivity-angle resolution due to block averaging.
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(b) Variation of nuiaxim d'irectivity-angle resolution with nominal directivity angle. V =80 knots;

Z = 250 ft; AZ = ±20 ft; SR = 25 kHz; b = 2048; NU = 5.

Figure 7. IMaxinujn lonigitudiinal-directivity-anigle resolution due to combined effects of block averaging
and altitude deviation limits.
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(a) Defiit~ion of variabits used in equtidos (9). (10), anld (11).
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(b) Vaiiatioii of imaximnum directivity-angle resolution with nominal directivity angle. V =80 knots;
Z = 250 ft; AY = ±20 ft; SR =25 kHz; b = 2048; NB1 = 5.

Figure 8. Mlaximum lateral-directivity-angle resolution due to sideline deviation limits.
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Figure 9. Longi~udinI-directiviLy-nngle resolution boundaries. V = 80 knoL; Z = 250 ft, Ay = Z=
:E20 ft; SR = 25 kliz; b = 20.18; NB = 5.
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Figure 10. Loiigituicliiial-circctivity-aiiglc resolution boundaries for range of velocities. Z 250 ft;
Z = 20 ft: SR = 25 kHz; b = 20.18; NVD = S.
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Figure 12. Longitudiiial-directivity-angle resolution boundaries for range of altitudes. V = 80 knots;
AZ = :E20 ft; SR = 25 kHz; b = 2048; NV = 5.
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Figure 13. Lateral-directivity-angic resolution boundaries for range of altitudes. V = 80 knots;

AY = ±20 ft; SR = 25 kHz; b = 2048; NB1 =5

26



OT
25.......... AOl A  2

25 - 25-

20, 20-

c 1 - " c 15 -
•il o :!"

.01

;10 10

5) SR = 15 kltz. 5 (b) SR 20 klz.

0 30 60 90 120 150 180 0 30 60 90 120 150 180
0, deg 0, deg

25 25

20 20
(e) SR 25 kliz. (d) SR = 30 kliz.

4m cm 15

10 <10

5- 5-

0 30 60 90 120 150 180 0 30 60 90 120 150 180

0, deg 0, deg

20ft( 20f-

25- 25-

e) SR 35 kHz. (f) SR 10 ktz.

cm 15 cm 15 -

ft ft(Z

<3 10 - 10" .....-....."

0 30 60 90 120 150 180 0 30 60 90 120 150 180

0, deg 0, deg

Figure 1,. Longitudinal-directivity-angle resolution boundaries for range of sampling rates. V = 80 knots,
Z = 20 ft; AZ = 520 ft; b = 2048; NB = 5.
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Figure 16. Loingituidiinal-(irectivity-anigle resolution boundaris for range of tranisformn sizes. V =80 knots;
Z = 250 ft; &Z = ±20 ft; SR = 25 kHz; Nu = S.
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Figure 18. Longitudinal-directivity-angle resolution boundaries for range of transform averages. V =
80 knots; Z = 250 ft; AZ = :20 ft; SR = 25 kHz; b = 2048.
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Figure 20. Effect of velocity oil vertical and horizontal flight paths from 500E flight test program. Two-
bladed TR; GSross weight - 3000 lb; N2 = 103 percent; Z = 250 ft; AY = :E20 ft.
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(b) Z = 250 ft; AY = AZ = :+20 ft.

Figure 21. Effect of altitude on vertical and horizontal flight patls from 500E flight test program. Four-
bladed TR; Gross weight = 3000 lb; N2 = 103 percent; V = 80 knots.
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Figure 21. Concluded.

35



Gross weight, lb3000
............ 2400

Direction
of flight Winds

60- 1. N
40- 15 mph
20- frorn 260*y,, it .- .... .W

-20 -
-40 -

-60 S f S
17 mph

300- from 30'
280-
260-
240.
220 . .-- Mic
200- !""array I 1 1

-6000 -4000 -2000 0 2000 4000 6000
X. It

(a) V = 80 knots; Z 250 ft; AY = AZ =*20 ft.

Direction Winds

60 - of flight N 15 mph
40 - from 260'
20 -

yf t 0 - W E,
-20 

/

-40-60 ! I I S
17 mph

300 -from 30*

280 -

z, ft 260 -
240 ..- .:

220 - Mic
200 -!. array I 1 1

-6000 -4000 -2000 0 2000 4000 6000
X, ft
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Figure 22. Effect of gross weight on vertical and horizontal flight paths from 500E flight test program.
Two-bladed TR; N2 = 103 percent.
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Figure 22. Cunicluded.
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Figure 23. Effect of rotor speed on vertical and horizontal flight paths from 500E flight test program.
Two-bladed TR; Gross weight = 3000 lb.
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Figure 23. Concluded.
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Figure 24.% Effect of velocity on hliopter heading and pitch attitude fromn 500E flight test programn.
Two-bladed TR; Gross weight = 3000 Ib; N2 = 103 percent; Z = 250 ft.
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